Toothpaste is one of the daily essentials, and good quality control practices over it are very important to protect the oral public health from adverse effects. The current study aimed to assess the concentration of fluoride and heavy metals, physicochemical properties in ten different toothpaste samples in Bangladesh, followed by related health risk analysis. pH, moisture content, F -, As, Cu, Pb contents were measured by membrane electrode, thermogravimetric, SPADNS, HG-AAS, flame-AAS methods, respectively. The results were compared to the specification of the packet and Bangladesh Standard and Testing Institute (BSTI) standard. The physicochemical properties wellmatched the formulation standard values. The moisture content was 27.18 ± 2.20 to 52.10 ± 5.01%, with 50% of the samples in permissible limit but the pH of all the samples (6. 40-8.60) was within the standard limit. Available F -, Cu, Pb, and As content ranged from 803-1617, 2.78-13.10, 0.27-2.12, and 0.027-0.637 mg/Kg, respectively. F -content in 80% toothpaste did not meet the packet specification and was higher than BSTI standard, though heavy metals were within the BSTI limit. Hazard quotient (HQ) and HI (Hazard Index) analysis revealed that toothpaste safe from heavy metal related to health risk.
■ INTRODUCTION
Toothpaste is absolutely necessary for our daily oral hygiene routine. It is used for cleaning and polishing the surface of teeth to remove dental plaque formed on teeth and gums as well as it prevents from the most common oral disease like dental cavities and periodontal usually caused by bacteria in the mouth [1] . Principal ingredients in toothpaste formulations are polishing agents, binding agents, foaming agents, flavoring agents, humectants, and water [2] . In modern toothpaste, sodium fluoride or monofluorophosphate is added as anticaries agents because fluoride is widely believed to prevent dental decays [3] . However, various studies have shown that excessive fluoride (F -) intake causes fluorosis, cancer, arthritis and it has also been linked to symptoms of stomach pain and indigestion [4] [5] [6] [7] . It is an additional source to other different means (polluted air, water, and the food chain) of entering excessive amounts of fluoride in the form of various compounds into the human body [8] . There are several previous reports which claimed questionable anti-caries effectiveness of commercial toothpaste as a result of lack of free available fluoride or inhomogeneity in total and free fluoride concentrations of toothpaste [9] [10] . Thus, research and monitoring of the fluoride contents in commercial toothpaste in many parts of the world have got interested [11] [12] [13] [14] [15] [16] [17] [18] . In addition to fluoride content, physicochemical and microbial properties of the toothpaste are also very important for oral health [19] [20] .
On the other hand, heavy metals are regarded as micropollutants since their excess presence has an adverse effect both on health and the environment.
However, their occurrence in nature is not harmful to our environment as they are present only in very small amounts [21] [22] . They have gained significant importance due to their persistence, high toxicity, and bioaccumulation properties. Heavy metals like lead, arsenic, copper, cadmium, mercury have been proved to have a negative impact on human health and their chronic toxicity to humans is associated with many chronic diseases like mental disorders, hypertension, pneumonia, gastrointestinal disorders, vascular disease, coronary heart disease, myocardial infarction, central nervous functions, kidney disorder and cancer [23] [24] . They can be exposed through direct and indirect sources like drinking water [5, 22] , food [25] [26] , air [27] [28] , soil [29] [30] and body care products [6, [31] [32] [33] . Besides the reports on the evaluation of the possible contact and adverse health effects of the heavy metals from traditionally regulated sources, the exposure to metal toxins from toothpaste and mouthwashes have also gained importance in the recent years [6] [7] [10] [11] [12] [18] [19] [20] [21] 34] . However, the investigation on toothpaste or oral care products remained comparatively ignored and needs more study especially in developing countries like Bangladesh.
As far as we know, there are still no evaluation reports on the toothpaste and mouthwashes available in the markets of Bangladesh. Therefore, we have aimed to assess some physicochemical properties, concentrations of fluoride ion, and heavy metals (Cu, As, and Pb) in different commercial kinds of toothpaste available in the local markets in Bangladesh and the related potential health risk. Eventually, this study will help to find an idea about these products, which will help to build up awareness of good quality control over the toothpaste to protect public oral health.
■ EXPERIMENTAL SECTION

Materials
All reagents were of analytical grade like Nitric acid (Merck, Germany), Hydrochloric acid (Merck, Germany), Sodium Borohydride (Organic, Belgium), Potassium Iodide (Kanto, Japan), while deionized water used for the preparation of all solutions were stored in polyethylene bottles. SPADNS reagent, fluoride, metals, and buffer standards were purchased from HACH, USA.
Instrumentation
The electric oven (Digi system, Taiwan) was used for drying. pH was measured with HACH sensION 156 Multi-Parameter Meter, USA, while fluoride was determined with DR/2010 Spectrophotometer, HACH, USA. Heavy metals were estimated with an atomic absorption spectrophotometer (AA-6200, Shimadzu, Japan).
Procedure
Sample collection
A total of 10 widely used toothpaste samples of different brands were collected from local markets of the Jashore city in Bangladesh and labeled TP-1 to TP-10. Among these samples five (TP-1-5) were general, one medicated (TP-6), two herbal (TP-7 and 8), and two were baby toothpaste (TP-9 and 10) (Table1). The samples 
Sample preparation
Ten grams of raw samples were oven-dried at 105 °C until a constant weight was obtained on cooling in a desiccator. Toothpaste samples (1 g each) were soaked in a 250 mL glass beaker with 100 mL water for 24 h. The mixture was filtered into the 100 mL volumetric flask through Whatman-1 filter paper, the residue was washed thoroughly, and the filtrate was made up to volume with deionized water [35] [36] .
The homogeneity test
To test the homogeneity of the toothpaste samples, the normal force was applied at the crimped end of the tube at room temperature, and the nature extrusion of paste from the collapsible tube was observed [36] [37] .
Determination of gritty matter
A small amount of each toothpaste sample was rubbed with a finger for about 15 to 20 cm long on a butter paper. The number and intensity of scratches that appeared on the butter paper were judged for the presence of solid particles [36] [37] .
Determination of fineness
The toothpaste samples were checked on two standard sieves of 150 and 75 microns. For this, 50 mL of water was added into 10 g of toothpaste in a 100 mL beaker. The mixture was stirred occasionally for 30 min until the toothpaste was completely dispersed and was passed through sieves. Then the sieve was washed with running tap water until all the soluble matters passed through the sieves. The residue retained on sieves was collected and dried in an oven at 105 °C. The dried residue was weighed, and the fineness was calculated with the Eq.
(1) [37] :
where, M1 = Mass of residue retained on the sieve (g); M = Mass of material taken for the test (g).
Determination of spreadability
A dry and clean glass plate (10 cm × 10 cm) was taken, and 1 g of sample was kept at the center of the plate. Another glass plate was carefully placed over it. To avoid the sliding of the plate's 2 Kg weight was placed above the glass plates at the center and allowed for 30 min. The diameter of the spreading paste was measured in centimeters [36] .
Determination of foaming power
In a typical process, 5 g of toothpaste sample was taken in a glass beaker (100 mL), and 10 mL of water was added into it, which was kept for 30 min for complete dispersion. The volume was adjusted to 50 mL by adding sufficient water. The mixture was then was transferred to a 250 mL measuring cylinder. It was ensured that no residue was left in the beaker, no foam was formed, and no lump paste was transferred during the transfer of slurry into a measuring cylinder. A uniform suspension was also confirmed at a temperature of 30 °C. The stoppered cylinder was given 12 complete shakes and was allowed to stand for 5 min. The volume of foam with water and water only were recorded. Foaming power was calculated using the Eq. (2) [36] . (2) where, V1 = Volume of foam with water (mL); V2 = Volume of water only (mL).
Moisture content estimation
For moisture content analysis, 10 g of sample was taken in a pre-weighted glass dish and put it in an electric oven to dry it at 105 °C for 24 h. The dried sample was taken in desiccators for cooling, and the weight of the dried sample was taken by the electric balance. Moisture contents were calculated from the differences between the weight of the raw wet sample and the oven-dried sample using the Eq. 
where, w1 = weight toothpaste (g); w2 = weight of raw dried toothpaste (g).
pH measurement pH was measured by the membrane electrode method in 1% (w/v) aqueous suspension of each toothpaste and de-ionized water with a pH meter [35] [36] .
Fluoride estimation
In this process, 10 mL of sample was taken in a test tube, and 2.00 mL of SPADNS reagent was added into it for color development. The pink color was developed and absorbance was measured by UV-VIS spectrophotometer (HACH, DR/2010, USA) at 570 nm [35] [36] . Before measurement, the UV-Vis spectrophotometer was calibrated by the fluoride ion reference solution.
Heavy metals estimation
The heavy metals in toothpaste were analyzed by atomic absorption spectrophotometer using flame-AAS method for copper and lead, and HG-AAS methods for As [36] [37] [38] . In brief, 5g of dried toothpaste sample was digested with concentrated nitric acid and 30% hydrogen peroxide at 95 °C following USEPA guidelines [38] . A solution of 100 mL was prepared with necessary dilution with dilute nitric acid and distilled water. The metal content by mass of sample (mg/Kg) was calculated automatically by the instrument and manually with the Eq. (4).
( )
where, A = concentration of metal in sample, as determined by AAS; B = concentration of the metal found in blank (mg/L); C = volume of extract (mL); D = weight of sample (Kg).
Data analysis
The experimental data were analyzed with SPSS software. Daily intake of fluoride and heavy metals (Cu, Pb, and As), Hazard Quotients (HQ) and Hazard Index(HI)were calculated using the Eq. 
where, HI = Hazard Index; HQi = Hazard Quotient.
■ RESULTS AND DISCUSSION
Ten most widely used toothpaste samples were analyzed following standard methods [36] . From the results of physical parameters (Table 2) , all the kinds of toothpaste were found to be homogeneous, i.e., they released from the collapsible tube in the form of a homogeneous mass at room temperature, indicating no toothpaste solidified out of the tube and too thin to be held in the tube. The samples were also free from hard and sharp-edged abrasive particles, i.e., the ingredients added to these toothpastes were grounded properly and uniformly mixed. So, the toothpaste samples are safe for the gums and enamel since the regular use of toothpaste with gritty matters may wear off the teeth in the long run. According to the BSTI standard, the maximum particles retained on the sieve is 0.5% by mass for 150 microns and 2.0% by mass for 75 microns [36] . The fineness of the toothpastes varied from 0.11-0.35% (w/w) and 0.85-1.85% (w/w) for 150 and 75-micron sieve, respectively ( Table 2) , which satisfied the BSTI standards. It is also inferred that there were no coarse particles in the toothpaste which may cause scratching on the enamel surface. The spreadability of the samples (6.50-9.33 cm) was within the standard value (maximum 8.5 cm) except sample no. TP-6 ( Table 2 ) [36] . Thus, there was no difficulty in the filling and extrusion of toothpaste from the tubes. In the case of the foam formation, all the toothpastes revealed the standard foam formation (minimum 50 mL), ranged from 51-74 mL, and indicated sufficient cleansing action in terms of the foam formation property.
The obtained results for moisture contents, pH values, fluoride, and heavy metals content (Table 3) were compared with the specification of the packets and BSTI standard [36] . Moisture content prevents toothpaste from hardening on exposure to air during storage and preservation. The average moisture content found in toothpaste samples was 35.26%, which matched with standard values (35%). However, 50% of the samples had higher values and the rest 50% had below the standard value. Maximum and minimum moisture contents observed were 52.10 ± 5.01% and 27.18 ± 2.20% in TP-10 and TP-4, which were specialized for children and gel type toothpaste, respectively ( Table 3 ). The pH value indicates the inorganic constituents in toothpaste. Acidic pH encourages the growth of mouth bacteria that causes dental caries [4] . The average pH of toothpaste samples was detected 7.52 which is within BSTI standard (6.50 to 10.50). The maximum and minimum pH was found 8.60 ± 0.40 and 6.40 ± 0.28 in Tp-6 and TP-4. Fifty percent of the samples were nearly neutral pH, and 50% of the samples were slightly alkaline. Thus the toothpaste having alkaline pH value contain inorganic ingredients like calcium carbonate and phosphate, and the neutral values are silica-based [10] .
Fluoride is believed to prevent tooth decay and most of the dental diseases [3] . So, the fluoride level determines the activity, potency, and commercial acceptability of toothpaste [36, 39] . The average fluoride concentration in the samples was 1251.03 mg/Kg, which is greater than the maximum recommended value (1000 mg/Kg) [37] . Only one sample (TP-1) contained the tolerable fluoride concentration and another one (TP-10) sample below the permissible range, while 80% of the samples exceeded the BSTI level. The highest concentration of fluoride ion, 1617 ± 51.20 mg/Kg, was detected in sample TP-5, which is a medicated toothpaste. The least concentration, 803 ± 20.13 mg/Kg, was in the sample TP-10 which was the special toothpaste for children (Table 3 ). Two pediatric types of toothpaste (TP-9 and TP-10) contained 1042 ± 41.25 mg/Kg and 803.08 ± 20.13 mg/Kg fluoride ion, respectively. However, the recommended permissible limit for fluoride in pediatric toothpaste is 425-625 mg/Kg, and for adults is 825-1250 mg/Kg [36, [40] [41] . Hence, both of the baby toothpaste contained excess fluoride concentration, and 70% of the adult toothpaste samples contained higher fluoride, which can be a threat to oral health [6] [7] . Fluoride toothpaste is recommended to be more effective in preventing tooth decay at higher fluoride concentrations. Nevertheless, excess fluoride ion (> 1000 mg/Kg) could cause tooth enamel decay, skeletal fluorosis, abdominal pain, excessive saliva, nausea, vomiting, seizures and muscle spasms, death due to respiratory paralysis [10] [11] [12] [40] [41] . In addition, being an endocrine disrupter higher fluoride concentration can affect the bones, brain, thyroid gland, pineal gland, and even the blood sugar levels [7, 40] . Therefore, the high fluoride concentrations measured in the adult toothpaste pose a serious health concern. However, if fluoride is ingested during the development of the tooth, it resists the attacks of acids on the enamel in the future [41] . Hence, the concentration of fluoride in the pediatric toothpaste (TP-9 and 10) may be beneficial to children. It is interesting to observe that some of the toothpaste did not mention the maximum fluoride content on the packet level. This means the fluoride concentration has not been properly checked for those samples.
On the other hand, the samples having packet leveling, simply mentioned the maximum fluoride content 1000 mg/Kg instead of the exact concentration. Unfortunately, almost none of them meet their demand rather contained excess fluoride. As a result, the use of these kinds of toothpaste may create a threat to public health.
Heavy metals are considered as mere contaminants for toothpaste as their roles are not clearly defined in the toothpaste formulation. However, their presence in the toothpaste may be accounted for abrasives, materials used from the plant sources [42] [43] , accidental crosscontamination during processing, and the deliberate introduction of metals as therapeutic ingredients for more efficacy [43] . Consequently, these metals may become harmful when they are ingested above the tolerance level, and daily use may have a significant adverse health effect. Table 3 represents the concentration of arsenic, copper, and lead in different toothpaste samples. The average concentration of arsenic, copper, and lead was 0.16, 5.34 and 0.98 mg/Kg, respectively, which are within the permissible range for toothpaste. However, the average concentration of As exceeded the threshold value (max 0.05 mg/Kg) for drinking water [40] . The maximum concentration of arsenic, copper, and lead was found 0.637 ± 0.12, 13.10 ± 1.68, and 2.12 ± 0.26 mg/Kg in TP-06, which are higher than USEPA standard as well as BSTI [36, 39] . The higher level may be due to the coloring active salt contents in creamy toothpaste. On the other hand, the minimum concentration of arsenic, copper, and lead was detected 0.27 ± 0.01, 2.78 ± 0.48 and 0.27 ± 0.03 mg/Kg in TP-03, a white creamy toothpaste, which satisfies the USEPA standard [38] [39] . It is surprising to note that the presence of these heavy metals in the specification on the labeling of the packets was not mentioned in any of the samples. This should be mentioned since the excess presence of these heavy metals may be toxic to human health [36] .
The Pearson correlation indicates positive correlation among the metals present in the toothpaste samples, having R 2 value for Pb and As, Pb and Cu, and Cu and As are 0.5990, 0.7537, and 0.9345, respectively ( Fig. 1-3) . So, these metals might have been incorporated in toothpaste from the same sources. Table 4 shows the acceptable upper limit (UP) of Pb, Cu, As, and F - [40] whereas, Fig. 4 and 5 represent the fluoride, and the metals intake through the daily intake of toothpaste. It is seen that in 90% of toothpaste samples, the daily intake of fluoride is greater than the tolerable upper limit of daily intake (UL). However, the value is very high in the baby toothpaste (TP-9 and 10), which may cause fluorosis in the long run [38] .
Since these metals are considered as potentially carcinogenic substances [39] [40] , the potential health risk from fluoride, Cu, Pd, and As, was assessed with the related parameter, Hazard quotient (HQ) and Hazard Index (HI) ( Table 5 ). Hazard quotient was estimated using oral Reference Dose (mg/Kg/day) 6.0 × 10 -2 , 4.0 × 10 -2 , 4.0 × 10 -3 , 3.0 × 10 -4 for individual F -, Cu, Pb and As respectively [39] . According to the WHO and USEPA, HQ and HI value should be less than one for health safety [39] [40] . Average HQ of arsenic, copper, lead, and fluoride was calculated 1.79 × 10 -4 , 0.58 × 10 -3 , 1.08 × 10 -3, and 0.16, respectively, i.e., all values were below one. Hazard Index (HI) was also found less than one. So, it revealed that metal contents in the toothpaste were safe from the risk of cancer [38] . Although this study suggests no potential health risk from these heavy metals, it must be kept in mind that these small quantities will be added to the potentially toxic metals ingested into the human body from other sources such as water, beverage, and foods, and consequently their cumulative effect may get detrimental. This can also be conceivable from the Pearson correlation which indicated the strong positive correlation (R 2 value ranged from 0.599 to 0.9345) among these three metals.
■ CONCLUSION
Toothpaste samples exhibited good physicochemical properties except for moisture content. Fluoride content in most of the brands was higher than the standard, revealing the potential health risk, although the heavy metal related health risk is negligible. Some brands available in the market neither satisfied nor had a clear specification, which shows the availability of low-quality toothpaste in the market of Bangladesh. Substandard toothpaste causes not only a waste of money but is responsible for health hazards. So, the respective regulatory authorities should take proper measures to prevent the manufacture and marketing of low standard toothpaste in any situation in order to protect public oral health. The testing authority should also strengthen their monitoring and establish more effective analytical measures to analyze the marketed toothpaste to ensure safe public oral hygiene health. Moreover, for oral hygiene, pH, moisture content, fluoride content and heavy metal contents in the toothpaste should be clearly specified on the packet or tube.
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